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Chapter V                                                Summary                                                                      


	This thesis describes isolation of alkamides, new dimers, their cytotoxic activities,  biomimetic synthesis and aldose reductase inhibition activities from Indian medicinal plant Piper chaba Hunter, belong to family Piperaceae, a well reputed in traditional system of medicine.
Chapter-I:
Review on dimeric amide alkaloids
	The chapter-I deals with a short review about dimeric amide alkaloids isolated so far from Piper arborescens, P. nigrum, P. longum, and P. chaba and their biological activities and their synthetic studies known in literature.
Chapter-II:
A. Phytochemical Investigation of Piper chaba
 Phytochemical investigation of P. chaba describes the isolation and characterization of eleven compounds designated as A, B, C, D, E, F, G, H, I, J and K from the Methanol extract of the roots of P. chaba. Compounds A, B, C, D and E are identified as pellitorine, piplartine, piperine, trichostachine, and chabamide. Compounds F, G, H, I, J, K are new dimeric alkaloids and have been named as chabamide F, G, H, I, J, and K.                                
Compound F
	Compound F was obtained as pale yellow liquid. The molecular formula of F was established as C32H34N2O6 by HRESIMS, which provided a molecular ion peak at m/z 565.2316 [M+ +Na], in conjunction with its 13C NMR spectrum. The IR spectrum displayed absorption bands diagnostic of tertiary amide (1630 cm-1) and aromatic (1637 and 1566   cm-1) moiety. The 300 MHz 1H NMR spectrum (in CDCl3) indicated the presence of two signals at δ 5.24–5.34 (dd, J = 15.6, 10.0 Hz) and 6.35–6.40 (d, J = 15.6 Hz), which were assigned to trans-olefinic protons by the coupling constant of 15.6 Hz. It also displayed two sets of aromatic protons due to two 1, 3, 4-trisubstituted aromatic rings at δ 6.85 (1H, d,     J = 1.5 Hz), 6.82 (1H, dd, J = 8.5, 1.5 Hz), 6.81 (1H, br s) and 6.67 (1H, d, J = 1.5), 6.64 (1H, d, J = 8.5 Hz), 6.61 (1H, dd, J = 8.5, 1.5 Hz). The 13C NMR spectrum displayed the presence of 32 carbon atoms, and was further classified by DEPT experiments into categories of 10 methylenes, 14 methines and 8 quaternary carbons including two carbonyls (δ 171.2 and 172.4). A comprehensive analysis of the 2D NMR data of compound F facilitated the proton and carbon assignments. 1H–1H COSY spectrum suggested the sequential correlations of δ 3.94–4.00/5.76–5.82/5.85/3.11–3.26/             2.89–2.91/3.66–3.76 assignable to H-2-H-3-H-4-H-5-H-3"-H-2" of the cyclohexene ring. Concerning the connections of the two phenyl rings, HMBC spectrum showed correlations of H-11, H-7/C-10; H-5/C-6, H-4"/C-3". On the basis of these characteristic features, database and literature searches led the skeleton of compound F as a dimeric alkaloidal framework. 
Pyrrolidine rings were connected through carbonyl groups at C-2 and C-2", which was confirmed by HMBC correlations of H-2 to C-1 (δ 171.24) and H-2" to C-1" (δ 172.45). The large vicinal coupling constants of H-2/H-2" (10.0 Hz) and H-2"/H-3" (10.0 Hz) indicated anti-relations of H-2/H-2" and H-2/H-3" and the axial orientations for these protons. In the NOESY spectrum, the occurrence of the correlations between H-2/H-3" and the absence of NOE effects between H-2/H-2" and H-2"/H-3" supported the above result. These data indicated β-orientation for H-2" and α-orientation for H-2 and H-3". The α-orientation of H-5 was suggested by the coupling constant of H-5/H-3" (5.5 Hz) and the absence of the NOESY correlations between H-3" and H-2". Further, zero optical rotation of compound F indicated to be a recemate.  On the basis of these spectral data, the structure of compound F was unambiguously established and trivially named as chabamide F.
Compound G
	Compound G, obtained as yellow oil, had the same molecular formula C32H34N2O6 as that of the compound F on the basis of the HRESIMS analysis m/z 543.2489 [M++H]. Initial analysis of the 1H NMR and 13C NMR data for compound G, illustrated similar features to that of chabamide F except for the meta-orientation of the two carbonyl groups in compound G instead of ortho-orientation in chabamide F. From this observation, it was deduced compound G to be a stereoisomer similar to that of chabamide F. 
	The presence of the carbonyl groups at C-1 and C-1" was implied by HMBC cross peaks (Fig-15) at δ 3.05 (H-2) and 3.62 (H-8)/ δ 171.44 (C-1) and δ 3.67-3.71 (H-5) and 3.87 (H-2")/ δ 172.36 (C-1"). The analysis of 1H–1H coupling and NOESY data allowed us to determine the stereochemistry of compound G. The large coupling constants for H-2"/ H-5 and H-2"/H-3", small coupling constants for H-2/H-3" and NOESY correlations for   H-5, H-2 and H-3" suggested that compound G had the same relative stereochemistry as that of chabamide F. Thus, the stereo structure of compound G was established and trivially named as chabamide G.
Compound H:
Compound H was obtained as pale yellow liquid. The molecular formula of H was established as C31H36N2O6 by HRESIMS, which provided a molecular ion peak at m/z 533.2643 [M++H], in conjunction with its 13C NMR spectrum. The IR absorptions implied the presence of carbonyl (1634 cm-1), NH (3054 cm-1) and aromatic (3050, 1443 cm-1) moiety. The 1H NMR spectrum of H (CDCl3) revealed two signals at δ 5.69 (ddd,   J = 9.6, 5.0, 2.6 Hz) and 5.90 (dt, J = 9.6, 1.5 Hz), which were assigned to cis-olefinic protons by the coupling constant of 9.6 Hz.  A pair of aromatic protons at δ 6.97 (1H, d,  J = 1.5 Hz), 6.83 (1H, dd, J = 7.9, 1.5 Hz), 6.74 (1H, d, J = 7.9 Hz) and 6.70 (1H, d,        J = 1.3 Hz), 6.68 (1H, d, J = 8.1 Hz), 6.64 (1H, dd, J = 8.1, 1.3 Hz) suggested the presence of two 1,3,4-trisubstituted aromatic rings. It also displayed two methylenedioxy groups at δ 5.91 (2H, br s), 5.86 (2H, br s). In addition, there were characteristic signals of isobutylamide side chain at δ 2.80 (2H, m), 1.30 (1H, m) and two methyls at δ 0.56 (3H, d, J = 6.6 Hz), 0.49 (3H, d, J = 6.6 Hz) and 5.05 (NH, br t, J = 5.8 Hz). Based on the data mentioned above the existence of two methylenedioxy phenyl groups led the skeleton of H as a dimeric alkaloidal framework.
Analysis of the 2D NMR spectra (HSQC, HMBC and COSY) of H assisted in the determination of its carbon skeleton. In the HMBC spectrum, the locations of the two carbonyl groups at C-1 and C-1'' were based on the correlations for δ 3.78 (H-2) to          δ 170.83 (C-1) and δ 3.48 (H-2'') to δ 173.15 (C-1''). Further, the presence of the piperidine ring and isobutyl group at C-2, C-2" could also be inferred through HMBC correlations, which showed HMBC correlations of H2-1' to C-1 (δ 170.83) and H2-1''' to C-1" (δ 173.15). The relative configuration of four stereo centers in H and confirmation of overall structure was achieved by the interpretation of the NOESY spectral data and by analysis of 1H NMR coupling constants. The large vicinal coupling constants of H-2"/   H-3" (10.0 Hz), H-2/H-3" (5.5 Hz) and H-2"/H-5 (10.0 Hz) indicated anti relations of     H-2"/H-3" and H-2"/H-5 the axial orientations and syn relations of H-2/H-3" and H-3"/  H-5. In the NOESY spectrum, the occurrence of the correlations between H-3"/H-5 and the absence of NOE effects between H-2"/H-5 and H-2"/H-3" supported the above result.
Compound I:
Compound I was isolated as a yellow oil, had the same molecular formula C31H36N2O6 as that of the H on the basis of the HRESIMS analysis m/z 533.2647 [M++H]. The close resemblance of 1H NMR and 13C NMR data for I, indicated that I was a stereoisomer of the latter. The only distinct difference between the two compounds was that the ortho-orientation of the two carbonyl groups in I, whereas in H they were meta-orientation. 
The presence of the carbonyl groups at C-2 and C-2" were implied by HMBC cross peaks at δ 5.62 (H-3), 3.95 (H-2) and 3.45 (H-2")/ δ 170.80 (C-1) and δ 3.50 (H-3") and 3.95 (H-2)/δ 173.47 (C-1"). The analysis of 1H-1H coupling and NOESY data allowed us to determine the stereochemistry of I. The large coupling constants for H-2/  H-2" (10.0 Hz) and H-2"/H-3" (10.0 Hz), small coupling constants for H-3"/H-5 (5.5 Hz) and NOESY correlations for H-5, H-2 and H-3" suggested that I had the same relative stereochemistry as that of H. Thus, the stereo structure of I was established.
Compound J:
Compound J was isolated as a pale yellow oil, had the molecular formula of C28H50N2O2, as deduced from the HRESIMS m/z, 447.3955 [M++H]. The 1H NMR spectrum of J revealed the presence of a trans double bond at δ 5.25 (dd, J = 15.1, 10.1 Hz, H-4"), 5.50 (m, H-5"), two isobutylamide groups at δ 3.16 (m, H1-1'), 3.17 (m, H2-1'), 1.80 (m),  0.93 (d, J = 6.9 Hz, H-3'), 0.91(d, J = 6.9, H- 3'),  5.72 (br t, J = 5.4 Hz, NH) and δ 2.95 (m, H1-1'''), 2.98 (m, H2-1'''), 1.75 (m, H-2'''),  0.88 (d, J = 6.9 Hz, H-3'''), 0.86 (d, J = 6.9 Hz, H-3'''),  5.60 (br t, J = 6.0 Hz, NH), n-amyl group and 1-heptene unit at δ 1.80 (m, H-6), 1.41(m, H-7), 1.23 (m, H-8), 1.29 (m, H-9), 0.85 ( t, J = 6.8 Hz, H-10) and δ 5.25   (dd, J = 15.1, 10.1 Hz, H-4"), 5.50 (m, H-5"), 1.90 (m, H-6"), 1.31 (m, H-7"), 1.29 (m, H-8"), 1.26 (m, H-9"), 0.86 (t, J = 6.8 Hz, H-10"), respectively. 
The meta-orientation of the carbonyl and isobutylamide groups were established by HMBC correlations for δ 2.80 (ddd, J = 5.4, 3.5, 1.8 Hz, H-2), 5.61 (ddd, J = 10.0, 3.3, 1.8 Hz, H-3), 2.58 (m, H-3")/δ 174.40 (C-1) and δ 2.70 (dd, J = 10.1, 5.5 Hz, H-2"), 2.51 (m, H-5), 2.58 (q, J = 10.1 Hz, H-3")/δ 172.30 (C-1"). The analyses of the 1H-1H coupling constants and NOESY data allowed us to determine the relative stereochemistry of J. The coupling constants of H-3"/H-2 and H-3"/H-2" (10.1 Hz) indicated anti relations of H-3"/H-2 and H-3"/H-2".  In the NOESY spectrum correlations were observed at δ 2.80 (H-2) and δ 2.70 (H-2") and correlations were not observed at δ 2.58 (H-3") with δ 2.70 (H-2") and δ 2.58 (H-3") with δ 2.80 (H-2). These data were in agreement with the β-orientation for H-3" and α-orientation for H-2" and H-2. Thus, based on these spectral data the stereo structure of J was confirmed and trivially named as chabamide J.
Compound K:
Compound K had the same molecular formula C28H50N2O2 as that of chabamide J deduced from its positive HRESIMS, m/z 447.3951 [M++H]. The 1H and 13C NMR spectra of J and K, indicated that both had similar structural features, except for double bond conjugated to the carbonyl group in K instead of a double bond in aliphatic chain. Appearance of carbonyl group in 13C NMR spectra at δ 162.44 supports the presence of unsaturated α, β–carbonyl group in the molecule.
Further, HMBC correlations of K for δ 5.74 (d, J = 15.1 Hz, H-2"), 5.10 (dd,        J = 15.1, 10.0 Hz, H-3"), 2.32 (m, H-5")/δ 44.44 (C-4") clarified the assignments of C-2'', C-3'', and C-5''. These results indicated that K was an analog of J with shift of the double bond in the chromophore of J. The ortho-orientation of the two carbonyls with isobutylamide groups were established by HMBC correlations for δ 2.42 (ddd, J = 5.8, 3.5, 2.2 Hz, H-2), 5.68 (ddd, J = 10.0, 3.5, 2.2 Hz, H-3), 2.38 (q, J = 10.0 Hz, H-4"), 3.07 (m, H1-1')/δ 171.67 (C-1) and δ 5.10 (dd, J = 15.1, 10.0 Hz, H-3"), 5.74 (d, J = 15.1 Hz,  H-2"), 3.04 (m, H1-1'")/δ 162.44 (C-1"). Additionally, the NOSEY correlations were found to have an effect on the location of the two amide groups, namely, the correlations for H-2/H-4'' and H-4''/H-5'' were observed in the NOESY spectrum. Thus, the planar structure of compound K was confirmed and trivially named as chabamide K.
B. Biological activity studies
As a primary screen for cytotoxic activity, cancer cell growth inhibitory properties of chabamides along with their monomeric amides were examined using cervical cancer (HELA), breast cancer (MCF-7), liver cancer (HEP G2) and colon cancer (HT-29), (COLO-205) cell lines by MTT assay.
All dimeric alkaloids displayed potent activity than the corresponding monomeric amides in the tested cell lines.  In particular, compound G showed significant cytotoxic activity (IC50, 0.018) against the colo-205 cancer cell line. However, its monomeric amide, trichostachine is not active against tested cell lines. Similarly, chabamide exhibited potent activity than its monomer, piperine against HELA, MCF-7, HEPG2, HT-29 and COLO-205 cell lines. 

Chapter-III
Biomimetic Synthesis of dimeric amide alkaloids
	The chapter-III deals with biomimetic synthesis of dimeric amide alkaloids isolated from P. chaba via Diels-Alder reaction. On the basis of a biosynthetic hypothesis (described in Chapter I) by the Diels-Alder reaction. This section starts with biomimetic Synthesis of Chabamides F & G, these two dimers were formed by Diels-Alder reaction employing monomer trichostachine. We have carried out the intermolecular [4+2] cycloaddition reaction with the monomer trichostachine under solvent free conditions at 130oC.  In HPLC analysis, retention times of the synthetic 1 and 2 were identical to those of chabamide F and G, confirming the structure and stereochemistry are same as that of isolated alkaloids. Based on above result during Diels-Alder reaction of trichostachine, we developed two kinds of methodologies based on catalytic conditons and they are divided in to two parts. PART-I: Lewis acid catalysis of a Diels-Alder reaction in water: Biomimetic Synthesis of Chabamides H-N. PART-II: Study of aqueous ionic solutions towards the Diels-Alder reaction of piperine.
PART-I: Lewis acid catalzed Diels-Alder reaction in aqueous medium: Biomimetic Synthesis of Chabamides H-N.
 In part-I we studied different lewis acids and metal salts to conduct Diels-Alder reaction in organic and aqueous solvents, for this we chose piperine (1a), pellitorine (1c) and trans-fagaramide (1c) as substrates to perform the biomimetic synthesis of the dimeric chabamides (Compound H-K) and this study also identified plausible products between piperine (1a) and pellitorine (1c). Our study not only explains formation of cyclo adducts but also explains the different mechanistic aspects in Diels-Alder reaction (ortho, meta, endo and exo products) in presence of Copper salts in both organic and aqueous medium. 
Cycloaddition reactions of piperine (1a):
	Copper (II) salts catalyzed cycloaddition reactions of piperine (1a) under organic and aqueous solvent conditions to give resultant cycloadducts 2a, 3a, 4a, 5a and 6a, among them 2a is major ortho-exo cyclohexene type dimeric amide alkaloid and also known as chabamide, which is previously isolated from this plant, isomer 3a is previously isolated from Piper nigrum. Remaining isomers (4a-6a) were synthesized from piperine by Diels-Alder reaction by Wei. et al. its physical and spectroscopic data were identical with reported data (1H-NMR & Mass spectra). This reaction showed completely regioselectivity due to maximum involvement of α-double bond rather than   γ-double bond of 1a during Diels-Alder reaction. 
Cycloaddition reactions of pellitorine (1b):
	Same catalytic and solvent conditions were employed for pellitorine (1b) as used in piperine (1a) for the biomimetic synthesis of chabamide J & K, which were plausibly generated by monomer pellitorine by cycloaddtion reactions. During cycloaddition of pellitorine (1b), solvents like toluene, xylene and water were used in presence of and copper (II) salts. In aqueous medium reaction showed good overall yield and more endo selectivity. Cycloaddition of pellitorine under above said catalytic conditions to give corresponding cycloadducts 2b, 3b, 4b and 5b. Physical and spectral data of adducts 2b & 3b are identical with compound J & K (chabamide J & K) and all physical and spectral data of adduct 4b is identical with nigramide O which is isolated previously from piper nigrum. The structure of 5b as new cycloadduct from pellitorine, its structure was elucidated by 1D and 2D spectral data. This reaction showed completely regioselectivity due to maximum involvement of α-double bond rather than γ-double bond of 1b during Diels-Alder reaction. 
Cycloaddition reaction between piperine (1a) and pellitorine (1b)
This biomimetic synthesis will explain the probability of diene, which participated in Diels-Alder reaction between piperine (1a) and pellitorine (1b).  Our aim of this cycloaddition reaction is to explain to study different cycloadducts and selectivity of diene among piperine and pellitorine. Lewis acids catalyzed cycloaddition reactions of piperine (1a) and pellitorine (1b) under organic and aqueous solvent conditions to give resultant cycloadducts 2c, 3c, 4c, 2a and 3b. Cycloadduct 2c & 3c are new cycloadducts, their structures were illustrated by 1D and 2D spectral data. 
Cycloaddition reaction between piperine (1a) and E-fagaramide (1c)
Copper (II) salts catalyzed cycloaddition reactions of piperine (1a) and trans-fagaramide (1c) under organic and aqueous solvent conditions to give resultant cycloadducts 2d, 3d and 2a. To carry this biomimetic synthesis to explain compound H and I, we taken piperine (1a) which is isolated from same plant and trans fagaramide was synthesized by reported method. 
Cycloaddition reaction between 1a and 1c end up with overall yield 70% in xylene and 75 % in water. In both solvents ortho products were formed dominantly compared with meta products. Spectral data 1D and 2D of cycloadducts 2d & 3d were identical with compound H & I. Cycloadduct 2a is identical with chabamide. This cycloaddition reaction practically proved as biomimetic synthesis for compound H and I.
Part II: Study of aqueous ionic solutions towards the Diels-Alder reaction of piperine (1)
Metal free and Lewis acid free Diels-Alder reaction of piperine was developed by using different ionic salts (6M) in aqueous medium at refluxing temp for 70 hr. More than 15 aqueous ionic solutions were examined and out them, maximum yield was attained by Guanidinium. HCl.
Aqueous ionic solutions catalyzed cycloaddition reaction of piperine (1) to give resultant cycloadducts 2, 3, 4, 5 and 6, among them 2 is major ortho-exo cyclohexene type dimeric amide alkaloid and also known as chabamide, which is previously isolated from this plant, isomer 3 is previously isolated from Piper nigrum. Remaining isomers (4-6) were identical with reported values.
In conclusion, the special influence of water on the endo-exo selectivity seems to be a result of the fact that this solvent combines in it three characteristics that all favors formation of the endo adduct. 1. Water is strong hydrogen bond donor, 2. Water is polar and 3. Water induces hydrophobic interactions.       
Chapter-IV 
Novel ALR2 inhibitors and their synthesis from Natural Source                  
Chapter-IV deals with novel ALR2 inhibitors and their synthesis from Natural source. Aldose reductase catalyzed accumulation of osmotically active sorbitol has been implicated in the development of diabetic complications like cataract, retinopathy, neuropathy and nephropathy. The present invention is directed to identification of new natural agents from Piper chaba, and chemical transformation of piplartine led to the synthesis of novel hybrid compounds as ALR2 inhibitors (ARI).
Natural product piplartine act as Michael acceptor, it consists of S-trans and S-cis as two α, β -unsaturated amide functionalities. Indole acts as Michael donor. Michael adducts which are formed by this reaction gives 3-substituted indoles. To find the optimum conditions towards the catalyst, the Michael addition reaction of piplartine with 3.0 equiv of 5-NO2 indole was carried out in presence of variety of Lewis and Bronsted acids. The highest catalytic activity was attained for the reaction using 10 mol % of Iodine.  We have invented few synthetically novel compounds which are synthesized via Michael addition and all adducts inhibited human recombinant ALR2 activity and also suppressed sorbitol accumulation in human RBC under ex vivo high glucose conditions. Thus these compounds might be useful for the treatment and/or prevention of diabetic complications. 
Accordingly, the present study provides the use of analogs of piplartine with substituted indoles useful for anti-diabetic activity. The said analogs were found to provide inhibition of ALR2 at IC50 value 4 µM for 3c and 3e, and 15, 8 and 40 µM for 2g, 2j and 3d, respectively. In the present invention known ARI quercetin and sorbinil are taken for reference purpose. Quercetin and sorbinil inhibited human recombinant ALR2 at IC50 value 40 and 8 µM level. Thus while all these five molecules are better than quercetin, 3c and 3e are almost on par with sorbinil. Further, molecular docking studies were conducted to substantiate the binding pattern and selective inhibition of ALR2 by analogues. 
All Michael adducts were screened against in-vitro aldose reductase inhibition and IC50 values of selected adducts were summarized in chapter-IV. The Michael adducts obtained by addition of indole to piplartine enhanced the activity by 40 folds.Among all adducts, di adducts showed notable activity than mono adducts. Results are very encouraging when R1 substituted with benzyl group (3c, IC50 = 4µm) rather than methyl and hydrogen groups. Same results were obtained when R2 substituted with phenyl group (3e, IC50 = 4µm), rather than methyl group (3d, IC50 = 40µm) also showed good activity. In case of R3, among all the substitutions methoxy group exhibited considerable activity (2j, IC50 = 8µm), among the halogens, bromine showed moderate activity (2g, IC50 = 16µm). The above results explained that the adduct needs an active methylene group like benzyl at R1 position and hydrophobic groups like phenyl at R2 position and electron donating groups like methoxy at R3 position are indispensable to show significant activity. However the hydrolysis products 4, 5 were inactive towards the enzyme inhibition.
























